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DESCBIPTION 

General Drive Control System and General D rive Control Method 



5 Technical Field 

The present invention relates to a technique for controlling, in a 
machine including a plurality of actuators and an energy source common to 
the actuators, drive of the plurality of actuators. More specifically, the 
present invention relates to a technique for optimizing drive of the plurality 

10 of actuators from the viewpoint of saving energy consumed by the plurality 
of actuators. 

Background Art 

In a machine for work, energy is consumed to accomplish the work. 
15 The energy necessary therefor may be supplied externally, or the machine 
itself may have an energy source and supply the energy by itself. 

In any case, the energy that can be consumed by the machine is 
limited in today's world where resources and energy jnust be saved. 
Therefore, it is strdngly desired to realize target state of operation and to 
20 save consimied energy simultaneously in one same machine. 

There may be a case where the machine has a plurality of actuators 
and the actuators are driven together. In that case, it is not an easy task 
to realize target state of operation and to save energy consumption 
simultaneously. It is theoretically possible to pre-set energy source 
25 capacity so as to prevent exhaustion even when all the actuators are driven 
at one time. This approach, however, is not practical from the economical 
viewpoint and from physical viewpoint such as weight and size. 

A technique for general management of a plurality of actuators in a 
motor vehicle as a machine, having fuel as an energy source and an engine, 
30 a brake apparatus, steering apparatus and the Kke as the plurality of 

actuators has been proposed (for example, in Japanese Patent Lasmig-Open 
No. 5-85228). 

Even when the prior art technique is implemented, the amount of 
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energy consumed by the pltirality of actuators when they are driven 
together can not be taken into consideration. Therefore, it is not possible 
by the prior art technique to optimize drive of the plurality of actuators 
from the viewpoint of saving energy consumption. 
5 Therefore, an object of the present invention is to optimize drive of 

the plurality of actuators from the viewpoint of saving energy consumed by 
the plurality of actuators. 

Disclosure of the Invention 
10 The present invention may be implemented in the following manners. 

These manners will be described as separate aspects, each aspect will be 
denoted by an aspect number, and aspect number of other aspect or aspects 
may be referred to as needed. Such description is intended to facilitate 
tmderstanding of the technical features and combinations thereof that will 
15 be discussed in the spedfication, and not to limit the technical featxires and 
combinations thereof discussed in the specification to the aspects below. 

(1) A general drive control system, provided in a machine including a 
plurality of actuators and an energy source common to the actuators, and 
accomplishing amount of work (hereinafter referred to work) by the 
20 operation of the plurality of actuators consuming energy supplied from the 
energy source, including 

a control apparatus generally controlling drive of the plurality of 
actuators based on power or work of each of the plurality of actuators. 
In the present system, in view of the power or work of each of the 
25 plurality of actuators, drive of the plurality of actuators is generally 
controlled. Here, a relation holds between the power or work of each 
actuator and energy consumption that the smaller the power or work, the 
smaller the energy consumption. 

Therefore, according to the present system, as the power or work of 
30 each actuator is noted, it becomes possible to optimize the drive of the 

plurality of actuators from the view point of saving energy consumed by the 
plurality of actuators. 

In the present aspect, "actuator^* may be a force generating 
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apparatus utilizing electro-magnetic force (such as a rotary motor or a 
linear motor), driven by consuming electric energy as the energy, or an 
engine driven by combustion of fuel as the energy. 

Here, a "motor'' may be considered as an actuator that converts 
5 electric energy to mechanical energy, while an "engine*' may be considered 
as an actuator that converts combustion energy to mechanical energy. 

In the present aspect, "power" refers to the quantity of work per unit 
time. When each actuator converts electric energy to mechanical energy, 
the "power" is represented as electric power when viewed from the side of 
10 electric energy (input side of the actuator) and it may be represented as 
djniamic power (power or horsepower) when viewed from the side of 
mechanical energy (output side of the actuator). 

The electric power is calculated as a product of voltage and cxirrent. 
The dynaxnic power is mechanical power, and when the machine itself is 
15 moved by an actuator such as in the case of a motor vehicle, it is calculated 
as a product of force exerted by the actuator on the moving body and the 
velocity of the moving body. 

In the present aspect, "work** means time-integration of power- 
When the power is electrical, it is represented as watt-hour (or wattage W^ 
20 h). 

In the present aspect, a "machine" may be a moving body itself that 
moves by the operation of the actuators, or it may be a moving apparatus 
for moving an object different from the machine itself. 

(2) The general drive control system according to aspect (1) wherein 
25 the control apparatus generally controls drive of the plurality of actuators 
based on total power or total work as the sum of powers or works of the 
plurality of actuators substantially at the same .time period. 

In this system, drive of the plurality of actuators are generally 
controlled based on total power or total work as the sum of powers or works 
30 of the plurality of actuators substantially at the same time period. 

Therefore, according to the system, as the total power or total work of 
the plurality of actuators is noted, it becomes possible to optimize the drive 
of the plurality of actuators in relation to the saving of energy consumed by 
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the plurality of actuators. 

(3) The general drive control system according to aspect (1) or (2), 
wherein the control apparatus generally controls drive of the plurality of 
actuators such that the power or work of each of the actuators or the total 

5 power or total work of the plurality of actuators does not exceed an 
allowable value. 

According to this system, it becomes possible to manage total sum of 
energy consumed by the plurality of actuators, by comparing the power or 
work of each actuator or total power or total work of the plurality of 
10 actuators with the allowable value. 

(4) The general drive control system according to aspect (3), wherein 
the control apparatus includes a power limiting unit li mitin g power of at 
least a part of the plurality of actuators, in accordance with an order set in 
advance for the plurality of actuators, when the total power or total work is 

15 ' to exceed the allowable value. 

According to this system, an order is set in advance for the plurality 
of actuators, and in accordance with the order, power of at least a part of 
the plvirality of actuators is limited. 

Here, the order may be set considering function -usage of each 
20 actuator. When the machine is a motor vehicle, for example, the order 
may be set in relation to the degree of contribution of each actuator to the 
safety of the motor vehide. 

As a result, according to the system of this aspect, drive of a part of 
the pltxrality of actuators is limited as compared with drive of other part of 
25 the actuators in accordance with the order set in advance, so as to prevent 
the total power or total work from exceeding the allowable value- 
Therefore, according to the present system, it becomes easier to 
realize target state of operation of the machine and to save energy 
consumption simultaneously- 
30 (5) The general drive control system according to aspects (1) to (4), 

further including a driving request determining apparatus determining a 
driving request for the machine, wherein the control apparatus determines 
the power or the work based on the determined driving request to be the 
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desired power or desired work, and based on the determined desired power 
or desired work, generally controls drive of the plurality of actuators. 

In this system, from the driving request, the target value of each 
actuator is determined and represented in the dimension of power or work, 
5 and based on the desired power or desired work as the determined target 
value, drive of the plurahty of actuators is generally controlled. 

Therefore, according to this system, it becomes easier to meet the 
driving request while satisfying the demand for saving energy consumption. 
In this aspect, "driving request" means, when the machine is a 
10 moving body moving in a certain direction, a force or acceleration (or 

amount of change thereof) acting on the moving body in a direction parallel 
to or crossing the direction of progress of the moving body, vdocity (or 
amount of change thereof of the moving body, position (or amount of 
change thereof) of the moving body or direction of movement (or amount of 
15 change thereof) of the moving body. 

(6) The general drive control system according to aspect (5), wherein 
the driving request determining apparatus includes 

a driving information detector detecting at least one of an instruction 
of a driver driving the machine, state of operation of the machine and 
20 operation environment in which the machine is placed, as driving 
information, and 

a driving request determining unit determining the driving request 
based on the detected driving information, and 

the control apparatus generally controls drive of the plurality of 
25 actuators based on the power or work based on the determined driving 
request. 

In this system, based on at least one of the instruction of a driver 
driving the machine, the state of operation of the machine and the 
operation environment in which the machine is placed, the driving request 
30 for the machine is determined. Further, based on the power or work of 
each actuator based on the determined driving request, drive of the 
plxirality of actuators is generally controlled. 

Therefore, according to the present system, it becomes possible to 
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optimize drive of the plurality of actuators feom the viewpoint of saving 
energy consumption, considering at least one of the instruction of a driver 
driving the machine, the state of operation of the machine and the 
operation environment in which the machine is placed. 
5 (7) The general drive control system according to aspect (5) or (6), 

wherein the control apparatus determines, based on the determined driving 
request, the power or work to meet the driving request as a desired power 
or desired work for each of the actuators, and based on the determined 
desired power or desired work, generally controls the drive of the plurality 
10 of actuators. 

According to this system, the driving request and each actuator are 
related to each other on the control logic in the dimension of power or work, 
and as a result, each actuator is driven to meet the driving request from the 
viewpoint of power or work. 
15 Therefore, according to this system, it becomes easier to meet the 

driving request and to save energy consumption simxiltaneously, 

(8) The general drive control system according to aspects (5) to (7), 
wherein the control apparatus includes 

a desired power determining unit determining power to meet the 
20 determined driving request as desired power, for each of the actuators, 
a required electric power determining vxdt determining electric 
power to be supplied to each of the actuators to realize the desired power 
determined for each of the actuators, as required electric power, 

a desired power establishing unit establishing desired power for 
25 respective ones of the actuators, by reducing, for some of the plurality of 

actuators, corresponding desired power, when total reqiiired electric power 
as a sum of the required electric powers determined for the plurality of 
actuators exceeds the allowable value, and 

a driving unit driving the plurality of actuators based on the 
30 established desired power. 

According to this system, by the technique of limiting power of some 
of the actuators while considering the driving request, it becomes easier to 
meet the driving request and to save energy consumption simidtaneously. 
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(9) The general drive control system according to aspect (8), wherein 
the desired power establishing unit reduces the desired power determined 
for some of the actuators, in accordance with an order set in advance for the 
plurality of actuators, when the total required electric power exceeds the 

5 allowable value. 

According to this system, functions and effects similar to those 
attained by the system of aspect (4) can be attained, 

(10) The general drive control system according to any of aspects (5) 
to (7), wherein the control apparatus includes 

10 a desired power determining unit determining, for each of the 

actuators, power to meet the determined driving request to be desired 
power, 

a desired work determining unit determining, for each of the 
actuators, desired work based on the determined desired power, 
15 a total work determining unit determining a total sum of a plurality 

of desired works determined for the plurality of actuators respectively, as 
total work, 

a desired power establishing unit establishing desired power for each 
of the plurality of actuators by reducing, for some of the plurality of 
20 actuators, corresponding desired power, when the determined total work 
exceeds the allowable value, and 

. a driving unit driving the plurality of actuators, based on the 
established desired power. 

In this system, it becomes possible to meet the driving request and to 
25 save energy consumption simultaneously, by the technique of limi t ing 
power of some of the actuators, in accordance with a mechanism that is 
fundamentally similar to the system of aspect (8). 

In the system according to aspect (8) described above, energy 
consumption is saved by the comparison between the power and the 
30 allowable value, while in the system of the present aspect, it becomes 

possible to save energy consumption by the comparison between the work 
and the allowable value, 

(11) The general drive control system according to aspect (10), 



-7- 



wo 2004/026614 



PCT/JP2003/011595 



wherein the desired work establishing unit reduces the desired work 
determined for some of the actuators, in accordance with an order set in 
. advance for the pltiraHty of actuators, when the total work exceeds the 
allowable value. 

5 According to this system, functions and effects similar to those 

attained by aspect (4) can be attained. 

(12) The general drive control system according to aspect (10) or (11), 
wherein the driving unit determines, for each of the actuators, electric 
power to be suppHed to each actuator as supplied electric power, based on 

10 the estabhshed desired power, and drives each of the actuators with the 
determined supplied electric power. 

In this system, each actuator is driven based on the supplied electric 
power determined based on the desired power established for each actuator. 

(13) The general drive control system according to any of aspects (3) 
15 to (12), wherein the control apparatus includes a control mode changing 

imit manually or automatically changing the allowable value, for changing 
control mode for controlling the plurality of actuators. 

In the system according to aspect (3), drive of the plurahty of 
actuators is generally controlled such that the total power or total work 
20 does not exceed the allowable value. 

Though the allowable value here may be defined as a fixed value, it 
is desirably defined as a variable value, in order to flexibly meet various 
requests, conditions or environments. 

That the allowable value is made variable means that the control 
25 mode controlling the plurality of actuators is also made variable. 

Therefore, in the system according to this aspect, the allowable value 
is manually or automatically changed, and the control mode controlling the 
plurality of actuators is changed thereby. 

In this aspect, the ^'control mode changing unit" may be operated in a 
30 manner in which the allowable value is automatically changed based on the 
state of operation of the machine, or a manner in which the allowable value 
is automatically changed based on the operation environment in which the 
machine is placed. 
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The "control mode changing unit'' may be operated, when the 
allowable value is a remaining capacity of the energy source or a variable 
value that changes based on a physical value related to the remaiiung 
capacity, in such a manner that the pattern of change of the allowable 
5 value based on the remaining capacity or the related physical value is 
manually or physically changed. 

When the term "remaining capacity*' is defined to mean remaining 
amount of electric power (for example, state of charge SOC that will be 
described later) remaining in the energy source, "related physical amounf ' 
10 here may be defined as a gradient of decrease of the rema inin g amount of 
electric power decreasing with time. The gradient means the amount of 
decrease of the electric power per unit time, assuming that the remaining 
amount of electric power is consumed in a set time. 

(14) The general drive control system according to aspect (13), 
15 wherein the control mode changing unit selects as the control mode an 
economy mode in whidi saving of energy consumed by the plurality of 
actuators is given higher priority than realization of a target state of 
operation of the machine, by setting the allowable value to a small value, in 
a normal state of operation of the machine, and selects as the control mode 
20 a power-mode in which realization of the target state of operation of the 

machine is given higher priority than the saving of energy consumption, by 
setting the allowable value to a large value, in an emergency state of 
operation of the machine, and 

the control apparatus generally controls drive of the plurality of 
25 actuators in accordance with the selected control mode. 

In this system, drive of the plurality of actuators is generally 
controlled such that saving of energy consumption is given higher priority 
than realization of target state of operation of the machine when the 
machine operates in a normal state, and drive of the plurality of actuators 
30 is generally controlled such that realization of the targ:et state of operation 
is given higher priority than saving, of energy consumption when the 
machine operates in an emergency state. 

Therefore, according to the present system, the state of driving a 
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plurality of actuators can flexibly be adapted to the change in the state of 
operation of the machine. 

(15) The general drive control system according to any of aspects (1) 
to (14), wherein 

5 the plurality of actuators constitute a consumption unit consuming 

energy supplied from the energy source; 
the energy source includes 
a generating unit generating the energy, and 
a storage unit storing the generated energy; and 
10 the control apparatus includes an apparent value determining unit 

determining an apparent value of the power or the work based on actual 
power or actual work of each of the actuators, energy generation ratio or 
energy generation amount by the generating unit, and energy storage ratio 
or storage amount by the storage xmit, and 
15 a control unit generally controlling drive of the plurality of actuators, 

based on the determined apparent value. 

In this system, when the energy source has a generating unit and a 
storage unit, an apparent value of power or work is determined based on 
the actual power or work of each actuator, energy generation ratio or 
20 generation amount by the generating unit, and the energy storage ratio or 
storage amount by the storage unit. 

Further, based on the determined apparent value, drive of the 
plurality of actuators is generally controlled. 

Therefore, according to this system, the energy consumed by the 
25 plurality of actuators is represented through apparent power or work, and 
therefore, it becomes possible to optiuaize drive of the plurality of actuators 
in consideration of not only the actual power or work of each actuator but 
also the energy generation ratio or generation amount by the generating 
unit and the energy storage ratio or storage amotint by the storage umt. 
30 In this aspect, "generating unit" may be an alternator driven by an 

engine, a fuel cell converting fuel into electric energy, an electric power 
generator driven by an engine for generating electric power dedicatedly, or 
a vehicle motor driving wheels and acting as a dynamic power source at the 
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time of acceleration and acting as an electric power generator to regenerate 
electric power at the time of breakage, when the machine is a motor vehicle. 
The vehicle motor functions as a. consuming unit at the time of acceleration 
and functions as a generating unit at the time of breakage, 

5 In the present aspect, "storage unif' may be formed as a fuel tank, 

for example, when the energy is related to fuel. When the energy is 
electric energy, the "storage unit" may be formed as a battery (secondary 
battery). When the energy is related to pressure, the "storage unit" may 
be formed as an accumulator. When the energy is thermal energy, the 

10 "storage unit" may be formed as a heat reservoir. 

(16) The general drive control system according to any of aspects (1) 
to (15), wherein the control apparatus includes a master control unit 
provided common to the plurality of actuators and generally managing the 
plurality of actuators, and the master control unit generally controls drive 

15 of the plurality of actuators based on the power or the work. 

In this system, by the master control unit that is common to the 
plurality of actuators, the plurality of actuators are generally managed. 

Therefore, according to the present system, it becomes easier to 
adjust relation between each of the plurality of actuators as compared with 
20 individual management of each actuator. 

(17) The general drive control system according to aspect (16), 
wherein the master control unit enables realization of the target state of 
operation of the machine by the plurality of actuators and saving of energy 
consumed by the plurality of actuators. 

25 According to this system, it becomes possible by the master control 

\xnit to optimize drive of the plurality of actuators both from the viewpoint 
of realization of target state of operation of the machine and the viewpoint 
of saving energy consumption. 

(18) The general drive control system according to aspect (16) or (17), 
30 wherein the control apparatus includes a plurality of individual control 

units connected to the master control unit and individually controlling each 
of the actuators, and each individual control unit communicates with the 
master control unit. 
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According to this system, the master control unit controls each 
actuator through each individual control unit. 

In this aspect, the relation between the "master control unit" and 
"individual control unit" may be such that, considering a flow of a series of 
5 data or signals for driving the actuators, the master control unit is 
positioned at an upstream side and the individual control units are 
positioned at a downstream side, and the individual control unit may 
operate in accordance with an instruction from the master control unit. 
Here, the individual control unit may operate fully and always 
10 dependent on the master control unit, or it may be allowed to operate 
independently of the master control unit as needed. 

(19) The general drive control system according to any of aspects (16) 
to (18)', further including an energy detector provided for each of the 
actuators, for detecting at least one of input energy input to each actuator 
15 and an output energy output from each actuator, connected to the master 
control unit and to the individual control imit corresponding to each of the 
actuators. 

According to this system, for each actuator, at least one of the energy 
input thereto and energy output therefrom is detected. The resiilt of 
20 detection may be transmitted to the master control unit and the 
corresponding individual control unit. 

When the system is implemented, it is not essential that the energy 
detector corresponding to each of the actuators is connected directly to the 
master control unit and the coirresponding individual control unit, and the 
25 detector may be connected to one through the other. 

An example of the "energy detector^* of the present aspect may be a 
detector that detects an input electric power to the actuator or an input 
electric power amount as time-integration thereof, when the input energy 
to the actuator is electric energy. When the output energy from the 
30 actuator is mechanical energy, the detector may be a detector detecting 
power of the work accomplished by the actuator, or the work as time- 
integration thereof. 

(20) The general drive control system according to any of aspects (1) 
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to (19), wherein the work is dasi^ed into at least one of force, heat, sound 
and hght. 

(21) The general drive control system according to any of aspects (1) 
to (20), wherein the machine is a moving body that itself moves, by the 

5 operation of at least part of the plurality of actuators. 

In this aspect, the "moving body'' may be a motor vehicle, an airplame, 
a train, ship, or the Hke. 

When a motor vehicle is selected as the moving body, an actuator for 
a driving apparatus driving the motor vehicle, an actuator for an electric 

10 steering apparatus for steering the motor vehicle, an actuator for an electric 
brake for braking the motor vehicle, an actuator for an air conditioner for 
air-conditioxung the room of the motor vehicle, a light for illuminating the 
iaside or outside of the motor vehicle and the like may be selected as the 
'^plurality of actuators" mentioned in aspect (1). 

15 Here, the "actuator for a driving apparatus" includes, by way of 

example, an engine, a motor or the like as a dynamic power source actuator, 
and further includes an actuator for transmission (for example, a motor for 
electrical transmission, or an electro-magnetic valve for fluid type 
transmission). 

20 Further, the "actuator for an electric steering apparatus" includes, by 

way of example, a motor. The "actuator for an electric brake" includes, by 
way of example, a motor, an electro-magnetic valve for controlling fluid 
pressure or the like. Further, the "actuator for an air conditioner" includes, 
by way of example, a motor for driving a compressor of a cooler of the air 

25 conditioner. 

In addition, in aspect (1), the "machine" may be an electric power 
generator utilizing waterpower, firepower, wind power, sunlight, tidal 
power or the like; an electric appHance for home use using a motor; or an 
energy management apparatus managing energy in a facility such as 

30 factory, office or home (by way of example, an energy managing apparatus 
that manages, for the unit fadUty, generation, consumption and storage of 
energy). 

(22) A general drive control method executed in a machine including 
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a plurality of actuators and an energy source common to the actuators, and 
accomplishing work by an operation of the plurality of actuators consuming 
energy supplied from the energy source, including 

a control step of generally controlling drive of the plurality of 
5 actuators based on power or work of each of the plurality of actuators. 

According to this method, based on the mechanism similar to that of 
aspect (1), similar effects can be attained. 

Description, interpretation and examples described with respect to 
the aspects above are applicable to various terms used in this aspect. 
10 (23) The general drive control method according to aspect (22), 

wherein, in the control step, drive of the plurality of actuators are generally 
controlled based on total power or total work as a sum of power and work of 
the plurality of actuators substantially at the same time period. 

According to this method, based on the mechanism of the system 
15 similar to that of aspect (2), similar effects can be attained. 

In addition, the method in accordance with the present aspect and 
the previous aspect may be implemented in the manner for implementing 
the system in accordance with any of the aspects (3) to (21) described above. 
Specifically, the method in accordance with the present aspect and the 
20 previous aspect may be implemented with technical characteristics 

described in any of aspects (3) to (21) grasped from the viewpoint of the 
method. 

(24) The general drive control method according to aspect (22), 
wherein 

25 the machine is a moving body used by a human being, and 

the control step includes a distribution step of distributing among 
the plurality of actuators, available power or available work, which is the 
power or work that can be supplied by the energy source to the plurality of 
actuators as a whole, based on a safety variable related to safety of the 
30 moving body, a comfort variable related to comfort enjoyed by the human 
being using the moving body, and an economy variable related to economy 
of energy consumption by the plurality of actuators. 

According to this method, when the "machine" of aspect (22) is a 
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moving body used by a human being, it becomes easier to appropriately 
distribute available power or available work, whicli is the power or work 
that can be supplied by the energy source to the plurality of actuators as a 
whole, considering safety of the moving body, comfort of the moving body 
5 when the human being uses the moving body, and economy of energy 
consumption by the plurality of actuators. 

Brief Description of the Drawings 

Fig. 1 is a block diagram schematically representing a general drive 
10 control system in accordance with a first embodiment of the present 
invention and a motor vehicle mounting the system. 

Pig. 2 is a functional block diagram representing the general drive 
control system shown in Fig. 1. 

Fig. 3 is a block diagram specifically showing the general drive 
15 control system and the motor vehicle of Fig. 1. 

Fig. 4 represents components of the motor vehicle shown in Fig. 3, 
classified from the viewpoint of energy flow. 

Fig. 5 is a cross sectional front view showing a vehicle motor 58, an 
electrically driven CVT apparatus 62 and a CVT motor 66 shown in Fig. 3. 
20 Fig. 6 is a block diagram schematically representing a hardware 

configuration of a master ECU 18 shown in Fig. 3. 

Fig. 7 is a flow chart schematically representing contents of a general 
drive control program of Fig. 6. 

Fig. 8 is a graph representing the contents to be executed in S6 of Fig. 

25 7. 

Fig. 9 is another graph representing the contents to be executed in 
S6 of Fig. 7. 

Fig. 10 is a graph representing the contents to be executed in S7 of 

Fig. 7. 

30 Fig, 11 is another graph representing the contents to be executed in 

S7ofFig. 7. 

Fig. 12 is a graph representing the contents to be executed in S9 of 

Fig, 7. 
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Fig. 13 is a flow chart schematically representing the details of S14 
of Fig. 7 as a power limiting routine. 

Fig. 14 is a flow chart schematically representing the contents of 
electric power generation control program of Fig. 3, 
5 Fig. 15 is a graph representing an example of contents to be executed 

inS74toS77ofFig. 14. 

Fig. 16 is a graph time-sequentially illustrating a result of execution 
of the general drive control program and the electric power generation 
control program shown in Fig. 3. 
10 , Fig. 17 is a flow chart schematically representing the contents of the 

power limiting routine executed by a computer 200 of master ECU 18 in the 
general drive control system in accordance with a second embodiment of the 
present invention. 

Fig. 18 is a flow chart schematically representing the contents of (he 
15 power limiting routine executed by computer 200 of master ECU 18 in the 
general drive control system in accordance with the third embodiment of 
the present invention. 

Fig. 19 is a graph schematically representing the contents to be 
executed in the power limiting routine shown in Fig. 18. 
20 Pig. 20 is another graph schematically representing the contents to 

be executed in the power limiting routine shown in Fig. 18. 

Fig. 21 is a flow chart schematically representing the contents of the 
general drive control program executed by computer 200 of master ECU 18 
in the general drive control system in accordance with the fourth 
25 embodiment of the present invention. 

Fig. 22 schematically represents, by an equation, the contents to be 
executed of the general drive control program shown in Fig. 21. 

Best Modes for Carrying Out the Invention 
30 In the following, some, specific embodiments of the present invention 

will be described in detail with reference to the figures. 

Fig. 1 is a block diagram of a hardware configuration of the general 
drive control system in accordance with the first embodiment qf the present 
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invention. The general drive control system is mounted on a motor vehicle 
(hereinafter also referred to as a vehicle) as a machine. The motor vehicle 
includes a plurality of actuators (in Fig. 1, represented by two actuators) 10, 
12, and an energy source 14 common to these actuators. 
5 The general drive control system includes driving information 

detector 16 detecting driving information, and a master ECU (Electronic 
Control Unit) 18. Further, the general drive control system .includes, for 
respective actuators 10, 12, individual ECUs 20, 22, input energy detectors 
24, 26 and output energy detectors 28, 30. 
10 Driving information detector 16 is provided to detect a driver's 

instruction issued by the driver of the motor vehicle for driving the vehicle, 
state of the vehicle, and the running environment in which the vehicle is 
placed. Here, the "driver's instruction" includes, by way of example, an 
instruction related to acceleration of the vehicle, an instruction related to 
15 deceleration or brakeage, an instruction related to steering and the Hke. 

Master ECU 18 is provided to manage the plurality of actuators 10, 
12 as a whole through the plurality of individual ECUs 20, 22 
corresponding to respective ones of the plurality of actuators 10, 12. In 
contrast, individual ECUs 20, 22 are provided to drive respective actuators 
20 10, 12, in accordance with an instruction from master ECU 18. 

Input energy detectors 24, 26 are provided to detect input energy to 
corresponding actuators 10, 12 or to energy source 14. Specifically, input 
energy detectors 24, 26 are provided to detect electric power consumption 
by corresponding actuators 10, 12 and to detect electric power generated by 
25 actuators 10, 12 when corresponding actuators 10, 12 function as electric 
power generators. In any case, the electric power is detected as a product 
of voltage and current of actuators 10, 12. 

Oulput energy detectors 28, 30 are provided to detect output energy 
from corresponding actuators 10, 12, respectively. Specifically, output 
30 energy detectors 28, 30 are provided to detect power of the work actually 
accomplished by the drive of corresponding actuators 10, 12, respectively. 

The power is detected as a product offeree (or torque) acting on the 
object moved by actuators 10, 12 and the velocity (or number of rotation) of 
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the object. When the object is a motor vehicle itself, the power is detected 
as a product of a value obtained by multiplying the force or acceleration 
acting on the vehicle and the mass, and the vehicle velocity, that is the 
running velocity of the vehicle. 
5 Fig, 2 shows the general drive control system in a functional block 

diagram. The general drive control system is configured to include, from 
the viewpoint of its function, a driving request determining unit 40, a 
general energy managing unit 42, and a drive control unit 44. 

Driving request determining unit 40 is a xuiit for determining driving 

10 request for the vehicle to meet the driver's instruction, state of the vehicle 
and the running environment described above. The driving request 
includes, by way of example, acceleration, deceleration, amoimt of turn and 
the like of the vehicle. 

General energy managing xmit 42 calculates for each actuator a 

15 desired power DMP to meet the driving request described above, and based 
on the calcxdated DMP, determines an electric power to be supplied to each 
of actuators 10, 12 to realize the desired electric power, as required electric 
power REP. 

General energy managing unit 42 further calculates total sum of 
20 required electric power REP determined for the plurality of actuators 10, 12 
as total required electric power REPsum, 

Further, general energy managing unit 42 limits desired power DMP 
of each of the actuators 10, 12 such that the calculated REPsum does not 
exceed the electric power available for the vehicle. Specifically, an order is 
25 set in advance for the plurality of actuators 10, 12, and general energy 

managing unit 42 limits the desired power DMP of each of the actuators 10, 
12 in accordance with the order. 

In the present embodiment, the vehicle includes, as the plurality of 
actuators 10, 12, the following, as shown in Fig. 3: 
30 (1) a brake actuator 50 controlling friction brake for braking each 

wheel; 

(2) a steering actuator 54 controlling an electric steering apparatus 
for steering the vehicle; 
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(3) a vehicle motor 58 driving the vehicle; 

(4) a CVT motor 66 controlling gear ratio of electrically driven CVT 
apparatus 62 transmitting driving torque of vehicle motor 58 to each wheel; 

(5) a light 70 of the vehicle; and 

5 (6) an air conditioner actuator 74 for an air conditioner of the vehicle. 

Break actuator 50 is, by way of example, a motor functioniiig as a 
driving source of the brake, an electro-magnetic valve controlling pressure 
transmitted from a pressure soxxrce to the brake, and the like. 

Vehicle motor 58 functions as an electric motor and a djmiamic power 

10 source of the vehicle at the time of acceleration of the vehicle/ and functions 
as an electric power generator (a regenerative motor or a brake motor) at 
the time of deceleration of the vehicle. For the process of recovering the 
electric energy generated by vehicle motor 58 and regenerating the energy 
by energy source 14 at the time of deceleration of the vehicle, that is, the so 

15 called brake regeneration, the vehicle has the brake regenerating 

apparatus. Therefore, vehicle motor 58 is regarded not only as an energy 
consiuming unit but also as a temporal energy generating unit. 

The air conditioner includes a cooler for cooling the room of the 
vehicle, and the actuator therefor is the air conditioner actuator 74. Air 

20 conditioner actuator 74 is, by way of example, a motor driving a compressor 
in the cooler. 

In the present embodiment, an order is set for the plurality of 
actuators such that brake actuator 50, steering actuator 54, vehicle motor 
58 and CVT motor 66, light 70 and air conditioner actuator 74 are 
25 controlled with priority in accordance with this order. 

Therefore, in the present embodiment, when the calculated total 
required electric power REPsiun mentioned above exceeds allowable power 
AMP that is the maximtim value of power that can be accomplished with 
the available electric power BPava in the vehicle, the desired power DMP of 
30 respective actuators would be limited in accordance with an order reverse 
to the order of priority mentioned above. 

As is apparent &om the foregoing, general energy managing unit 42 
is provided for energy management to realize optimal amoimt or ratio of 
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distribution of the electric energy that is limited in the vehicle, to the 
plurality of actuators. 

The relation between the available electric power EPava in the 
vehicle and individual amount of distribution XL (1=1,2,3,... n) to each of the 
5 actuators can be given by a target function for optimizing electric power 
distribution, represented by the following equation: 

EPava = EXi. 

The target function is also a function representing the manner how the 
power corresponding to the electric power EPava is distributed among 
10 respective actuators, because consideration of electaric power is equivalent 
to consideration of power. 

Further, each amoimt of individual distribution XL can be 
represented by the following equation, using the distribution ratio Ki of 
electric power EPava to eadi of the actuators: 
15 Xi = EPava • Ki. 

Therefore, by general energy managing unit 42, the distribution 
factor Ki for each actuator is optimized &om tiie viewpoint of saving energy 
consumption, and the target function is optimized accordingly. 

In the foregoing, driving request determining unit 40 and general 
20 energy managing unit 42 have been described. Remaining drive control 
unit 44 drives each of the actuators such that the desired power DMP 
finally determined by general energy managing unit 42 is realized. Drive 
control unit 44 monitors actual power MP of each actuator, and performs 
feed-back control of drive of each of the actuators. For the monitoring of 
25 power MP, power detectors 28, 30 described above are used. 

Fig. 3 shows, in a block diagram, details of the hardware 
configuration of the general drive control system. 

The general drive control system includes, as said driving 
information detector 16, a driver's instruction sensor 90 detecting a driver's 
30 instruction, a vehicle state sensor 92 detecting the state of the vehicle, and 
a running environment information sensor 94 detecting information related 
to the running environment. 

Driver's instruction sensor 90 detects an amount of driver's operation 
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of vehicle steeriiig system, that is, a steering operation member, a brake 
operation member and an accelerator operation member, as the driver's 
instruction. 

Vehicle state sensor 92 detects vehicle velocity, wheel velocity, 
5 vehicle driving force, vehicle acceleration, vehicle deceleration, steering 
angle, force or torque acting on the tire of each wheel and the like as the 
vehicle state. 

The running environment information sensor 94 detects distance 
between the vehicle itself and a vehicle running ahead, state of road on 
10 which the vehicle is running, weather and temperature of the region where 
the vehicle is running and so on as the ruiming environment information. 
Running environment information sensor 94 may be designed to estimate 
or predict environment of the road on which the vehicle is running or will 
be running in the future, through the use of GPS or through 
15 comm\mication with a road information center. 

In the present embodiment, the vehicle includes, as an energy source 
14, a fuel ceU 96 (an electric power generator) and a separate electric power 
. source 98. As is apparent from the description above, vehicle motor 58 
also functions temporarily as an electric power generator, and hence, it may 
20 be considered as constituting energy source 14. 

Fuel cell 96 takes out fuel from a fuel tank containing substance 
such as hydrogen as the fuel, and generates electric power by using the 
taken fuel. Fuel cell 96 is managed by a fuel cell ECU 100 connected to 
master ECU 18. Fuel cell ECU 100 is an example of the individual ECUs 
25 20, 22, and this appHes to other system element denoted by the term ECU, 
except for the master ECU 18. 

In contrast, electric power source 98 is formed as a battery storing 
electric energy that is generated by fuel cell 96 and a brake regenerating 
apparatus 101 that wiU be described later. Electric power source 98 may 
30 be formed, for example, to include a low voltage battery and a high voltage 
battery. 

Electric power source 98 is also managed by an electric power source 
ECU 102 that is connected to master ECU 18, similar to fuel cell 96. The 
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electric power (generated electric power) supplied firom fuel cell 96 to 
electric power source 98 is detected by an electric power detector 104, while 
the electric power (regenerated electric power) supplied from brake 
regenerating apparatus 101 to electric power source 98 is detected by an 
5 electric power detector 106. Electric power detectors 104 and 106 are both 
connected to master ECU 18, and capable of communicating necessary 
information. Electric power detectors 104, 106 are examples of input 
energy detectors 24, 26, and the same applies to other electric power 
detectors that will be described later. 

10 The vehicle includes, as the plurality of actuators, vehicle motor 58, 

CVT motor 66, air conditioner actuator 74, Hght 70, brake actuator 50, and 
a steering actuator 54, as described above. 

In this vehicle, brakeage is realized by co-operation of the functions 
of brake actuator 50 and of the vehicle motor as an electric power generator. 

15 Ftirther, in the vehide, as the vehicle motor 58 functions as the electric 
power generator, the electric energy generated by the vehicle motor 58 is 
recovered to electric power source 98. Thus, brake regenerating apparatus 
101 described above is provided on this vehicle. 

Brake regenerating apparatus 101 is controlled by brake 

20 regenerating ECU 110 connected to master ECU 18 and to electric power 

source ECU 102. Actual load on brake regenerating apparatus 101, that is, 
power, is detected by a power detector 112. Power detector 112 is an 
example of output energy detectors 28, 30, and the same applies to other 
power detectors that will be described later. 

25 Power detector 112 detects, for each wheel, the product of a brake 

torque acting thereon and the speed of rotation (wheel velocity), as the 
power. Power detector 112 is connected to brake regenerating ECU 110 
and master ECU 18. 

Pig. 4 schematically represents flow of electric energy of the vehicle. 

30 The vehicle includes, as a generating unit 120 generating electric energy, 
fuel cell 96 and brake regenerating apparatus 101. Fxuiiier, the vehicle 
includes electric power sotirce 98 as a storage xinit 122 storing electric 
energy. Further, the vehicle includes a plurality of actuators as 
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consuming unit 124 consuming the generated energy. The electric energy 
generated by generating unit 120 is stored in storage unit 122 while it is 
consumed by consuming unit 124, The electric power stored in storage 
unit 122 is consumed by consuming unit 124, Movement, safety and 
5 comfort of the vehicle are ensured by the consumption. 

Fig. 5 is a cross sectional front view schematically showing an 
example of electrically driven CVT apparatus 62 provided as a transmission 
apparatus on the vehicle. Electrically driven CVT apparatus 62 is a belt & 
puUey type apparatus having a pair of pulleys 130, 132 with a belt 134 
10 wound therearound. One p\xlley 130 is rotated by vehicle motor 58, and 
the rotation of this pulley 130 is transmitted to the other puUey 132 
through belt 134, Rotation of pulley 132 is transmitted to a driving wheel 
of the vehicle through an output shaft, not shown, and thus the vehicle is 
driven. 

15 In electrically driven CVT apparatus 62, two side surfaces of the 

groove of pulley 130 are formed by a pair of rotating bodies 136, 136 
opposing to each other and coaxial with pulley 130. The same applies to 
the other pulley 132. 

The pair of rotating bodies 136, 136 can be displaced relative to each 

20 other in a direction coaxial with the corresponding pulley 130, 132, In the 
electrically driven CVT apparatus 62, the distance between the pair of 
rotating bodies 136, 136 is continuously changed by CVT motor 66 and a 
rotation transmitting mechanism 140, whereby the width of the groove of 
respective pulleys 130, 132 is changed continuously. Accordingly, the 

25 radius of belt 134 wound around respective pulleys 130, 132 is also 

continuously changed, and as a result, gear ratio of the speed of rotation of 
vehicle motor 58 is changed continuously. 

Rotation transmitting mechanism 140 includes a gear train 142 as 
an example of a distributing mechanism that distributes the rotational 

30 motion of CVT motor 66 common to the pair of puUeys 130, 132 to each of 
the pulleys 130, 132, as rotational motion coaxial therewith. Further, 
rotation transmitting mechanism 140 includes, for each of the pulleys 130, 
132, a ball spring 144 as an example of a mechanism for converting the 
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rotational motion distributed to each of the ptiUeys 130, 132 by gear train 
142 to relative linear motion along the axial direction of the pair of rotating 
bodies 136, 136. 

Therefore, in electrically driven CVT apparatus 62, the gear ratio of 
5 the speed of rotation of vehicle motor 58 is determined in accordance with 
the angle of rotation of CVT motor 66. The angle of rotation of CVT motor 
66 is detected by a rotation angle sensor 146. 

As shown in Fig. 3, vehicle motor 58 is driven as the electric energy 
supplied from electric power soxirce 98 is consumed. Vehicle motor 58 is 
10 controlled by a vehicle motor ECU 150 that is connected to master ECU 18 
and to electric power source ECU 102. The electric power consumed by 
vehicle motor 58 is detected by an electric power detector 152 connected to 
master ECU 18, vehicle motor ECU 150 and to dectric power soxxrce ECU 
102. 

15 Furtiier, actual power of vehicle motor 58 is detected by a power 

detector 154 connected to master ECU 18 and to vehicle motor ECU 150. 
By way of example, power detector 154 detects, for each driven wheel, the 
power as a product of driving torque acting on the wheel and the speed of 
rotation of the wheel. 

20 CVT motor 66 is also driven as the electric energy supplied from 

electric power source 98 is consumed. CVT motor 66 is controlled by a 
transmission ECU 160 that is connected to master ECU 18, electric power 
source ECU 102 and to vehicle motor ECU 150. The electric power 
consumed by CVT motor 66 is detected by an electric power detector 162 

25 connected to master ECU 18, transmission ECU 160 and electric power 
source ECU 102. 

Air conditioner actuator 74 is also driven as the electric energy 
supplied by electric power soiirce 98 is consumed. Air conditioner actuator 
74 is controlled by an aix conditioner ECU 166 connected to master ECU 18. 

30 The electric power consumed by air conditioner actuator 74 is detected by 
an electric power detector 168 connected to master ECU 18 and air 
conditioner ECU 166. 

Further, the actual power of air conditioner actuator 74 is detected 
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by power detector 170 connected to air conditioner ECU 166 and master 
ECU 18. By way of example, power detector 170 detects the power as a 
product of air flow and the room temperature of the vehicle. 

Brake actuator 50 is also driven as the electric power feom electric 
5 power source 98 is consumed. Brake actuator 50 is controlled by a brake 
ECU 174 connected to master ECU 18. The electric power consumed by 
brake actuator 50 is detected by an electric power detector 176 connected to 
master ECU 18 and brake ECU 174. 

Further, actual power of brake actuator 50 is detected by a power 
10 detector 178 coimected to brake ECU 174 and master ECU 18. By way of 
example, power detector 178 detects the power for each wheel as the 
product of brake torque of the wheel and the speed of rotation of the wheel. 

Steering actuator 54 is also driven as the electric energy supplied 
&om electric power source 98 is consumed. Steering actuator 54 is 
15 controlled by steering ECU 182 connected to master ECU 18. The electric 
power consumed by steering actuator 54 is detected by an electric power 
detector 184 coimected to master ECU 18 and steering ECU 182. 

. Further, actual power of steering actuator 54 is detected by a power 
detector 186 connected to steering ECU 182 and master ECU 18. 
20 Light 70 is also driven as the electric energy supplied from electric 

power source 98 is consumed. light 70 is controlled by a light ECU 190 
connected to master ECU 18. The electric power consximed by light 70 is 
detected by an electric power detector 192 connected to master ECU 18 and 
Kght ECU 190. 

25 Further, the actual power of hght 70 is detected by a power detector 

194 connected to Ught ECU 190 and master ECU 18. 

Fig. 6 is a block diagram, schematically representing the 
configuration of master ECU 18. Master ECU 18 consists mainly of a 
computer 200. As is well known, computer 200 is formed by a CPU 202 

30 (an example of a processor), an ROM 204 (an example of a memory) and an 
RAM 206 (another example of a memory) connected to eadi other by a bus 
208. Various programs including the general drive control program and 
the electric power generation control program are stored in advance in 
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ROM 204. 

Fig. 7 represents tlie contents of the general drive control program in 
the form of a flow chart. The general drive control program is executed 
repeatedly wlule the computer 200 is on. 
5 Every time the general drive control program is executed, first, in 

step Si (hereinafter simply denoted as "SI"; same for other steps), a 
driver's instruction is detected by driver's instruction sensor 90. Next, ia 

52, the vehicle state is detected by vehicle state sensor 92. Thereafter, in 

53, running environment information is detected by running environment 
10 information sensor 94. 

Thereafter in S4, based on the detected driver's instruction, vehicle 
state and rimning environment information, a driving request for the 
vehicle is issued. The driving request includes a request for driving the 
vehicle in accordance with the driver's instruction and a request for 

15 automatically driving the vehicle to improve safety of the vehicle, 

independent of the driver's instruction. An example of the latter request is 
automatic brakeage that automatically brakes the vehicle, when the 
distance of the vehicle and a vehicle running ahead is insttfficient in view 
of the current velocity of the vehicle. 

20 Next, in 85, either an economy mode or a power-mode is selected as a 

control mode controlUng the actuators. The selection may be made in 
accordance with the intension of the driver or it may be made automatically. 

Here, the '^economy mode" is a control mode in which saving of 
energy consxmied by the actuators is given higher priority than realization 

25 of driving request by the actuators. In contrast, the "power-mode" is a 

control mode in which realization of the driving request by the actuators is 
given higher priority than saving of energy consumption by the actuators. 

When the control mode is selected, by way of example, whether the 
vehicle is in a normal state of operation or emergency state of operation at 

30 present is determined based on a driver's instruction (for example, speed or 
amotmt of operation of a driving operation member by the driver) or based 
on the running environment information (for example, following distance). 
When it is determined that the vehicle is in a normal state, the economy 
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mode is selected, and when it is determined that the vehicle is in an 
emergency state, the power-mode is selected. 

Thereafter, in S6, power MP of each actuator necessary for realizing 
the determined driving request is calculated as the desired power DMP. 
5 By way of example, when the determined driving request is that a 

vehicle having the weight of It is accelerated with acceleration of about 
0.2G so that the vehicle velocity is increased from 0 km/h to lOOkm/h in 
0,25 min., the desired power DMPmtr of vehicle motor 58 is calculated to be 
about 54kW, that is, the product of driving force F (= product of vehicle 

10 weight and acceleration) and the vehicle velocity V. 

When the determined driving request is that a vehicle having the 
weight of It sho^lld run steadily at the vehicle velocity of 100 km/h against 
coasting deceleration of about 0.05G, the desired power DMPmtr of vehicle 
motor 58 is calculated to be 14 kW. 

15 It is noted that in a motor, generally, the power MP is calculated as a 

product of torque T and number of rotation N, and the electric power EP is 
calculated as a product of voltage E appHed to the motor and the current I 
flowing through the motor. When energy loss across the motor is 
negle.cted, the power MP and the electric power EP are equal to each other. 

20 Thereafter, in S7, electric power EP of each actuator necessary for 

realizing the calculated desired power DMP is calculated as the required 
electric power REP. In the following, this will be described specifically, 
taking vehicle motor 58 as an example of the actuator. 

As shown in Fig, 8, for a general motor, a relation represented by a 

25 plurality of straight lines incUned downward from left to right in a graph 

holds between motor torque T and number of rotation N of the motor, when 
motor voltage E is kept constant and motor current I is changed. This is 
the general motor characteristic. 

Among the pltiralily of straight lines, the maximum output point 

30 exists on the uppermost straight line of the graph. The maximum output 
point represents a point at which the product of motor torque T and the 
number of rotation N of the motor is the largest, and hence, it represents 
the maximum value of power MP. 
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When it is necessary to drive the motor with maximum power, target 
motor torque T* and target number of rotation N* of the motor can be 
determined in accordance with the motor characteristic represented by the 
graph of Fig. 8. 

5 For a general motor, however, the maximum output point is not the 

same as the maximum efficiency point of the motor, and the point is shifted 
from the maximum output point to the side with smaller motor torque T 
and larger nxxmber of rotation N of the motor, on the uppermost straight 
line of the graph, as shown in Fig. 8. 

10 Therefore, when vehicle motor 58 in a stationary state is powered on 

to have an intersecting point of motor torque T and the number of rotation 
N of Ihe motor, that is, the point indicating power, moved from 0 to the 
maximum output point, it is more convenient in view of energy saving to 
have the point indicating power moved to the maximtim efficiency point 

15 through the shortest path, then to have the motor current I increased while 
maintaining motor voltage E constant, so as to have the point indicating 
power moved from the maximum efficiency point to the maximum output 
point, than to have the point indicating power moved along the shortest 
path. 

20 Fig. 9 is a graph representing motor current I and motor voltage E 

increasing with appropriate gradient, when the intersecting point of motor 
cvirrent I and motor voltage E, that is, the point indicating electric power P 
is moved from 0 through the maximum efficiency point to the mgodmum 
output point. 

25 More specifically, first, motor current I and motor voltage E together 

are increased proportionally with time. By the increase, the point 
indicating electric power reaches the maximum efficiency point. Then, 
motor current I is increased proportionally with time while motor voltage E 
is kept constant. 

30 The graph of Fig. 9 represents time-transition of motor current I and 

motor voltage E, and therefore, by utilizing this graph, it is possible to 
calculate in advance the electric power EF as the product of motor current I 
and motor voltage E at each time point. 
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It is noted, however, that the graph of Fig. 9 represents a relation 
between motor current I and motor voltage E when the desired power DMP 
of vehicle motor 58 is the same as the power represented by the maximum 
output point of Fig. 8, that is, the maximum power. 

5 In contrast, when the desired power DMP of vehicle motor 58 is 

smaller than the maximum power mentioned above, motor current I and 
motor voltage E will be changed with time such that the intersecting point 
of motor torque T and the number of rotation N of the motor when the 
product of motor torque T and the number of rotation N of the motor 

10 matches the desired power is the final goal, in the graph of Pig. 8. 

In the graph of Fig.8, when the fiinal goal is reached, motor voltage E 
at the final goal can be identified. Therefore, motor current I at the final 
goal can be found fiirom the identified motor voltage E and the graph of Fig. 
9. 

15 Therefore, even when the desired power DMP of vehicle motor 58 is 

smaller than the maximum power mentioned above, it is possible to 
calculate time-transition of motor current I and motor voltage E, 
respectively. Therefore, it is also possible to calcxilate time-transition of 
target motor torque T* and target number of rotation N* of the motor. 

20 In the foregoing, control of vehicle motor 58 to accelerate the vehicle 

has been described. In the following, control of vehicle motor 58 to 
decelerate the vehicle wiU be described. 

When the vehicle is decelerated, vehicle motor 58 functions as an 
electric power generator (regenerating motor or a brake motor), and the 

25 vehicle is decelerated using the electric power generation resistance. It is 
noted, however, that target vehicle velocity and target deceleration may not 
be accomplished by vehicle motor 58 only. In that case, assistance of the 
brake is necessary. 

Fig. 10 is a graph schematically representing, by a curve, a relation 

30 held between regenerative motor torque T and the number of rotation N of 
the motor when electric power is generated by vehicle motor 58. On the 
curved line of the graph, there is the maximum output point of vehicle 
motor 58 fimctioning as a regenerating motor, and a point of maximum 
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electiic power generation efficiency, at which the efficiency of electric power 
generation by vehicle motor 58 is the highest. 

Therefore, when the vehicle is decelerated, a combination of 
regenerative motor torque T and the number of rotation N of the motor 
5 appropriate to realize desired power DMP indicated by the driving request 
can be determined as a combination of target regenerative motor torque T* 
and the target number of rotation N*of the motor, in accordance with the 
characteristic represented by the curve in the graph of Fig. 10, 

Thereafter, required electric power REP for the vehicle motor 58 

10 necessary for deceleration of the vehicle is calculated in a manner similar to 
that for acceleration. 

Vehicle motor 58 is driven when the driving request is related to 
acceleration or deceleration of the vehicle. In that case, control of CVT 
motor 66 or brake actuator 50 is necessary, in addition to control of vehicle 

15 motor 58. This will be spedfically described in the following. 

When the vehicle is accelerated, the vehicle velocity and the vehicle 
body driving force are determined by the combination of vehicle motor 58 
and electrically driven CVT apparatus 62. Therefore, from the relation of 
said determined target nximber of rotation N* of the motor and the target 

20 velocity indicated by the driving request, it is possible to determine the 
gear ratio y of electrically driven CVT apparatus 62. Alternatively, gear 
ratio Y of electrically driven CVT apparatus 62 may be determined from the 
relation between said determined target motor torque T* and the target 
vehicle body driving force indicated by the driving request. 

25 Similarly, when the vehicle is decelerated, the vehicle velocity and 

the vehicle body driving force are determined by the combination of vehicle 
motor 58 and electrically driven CVT apparatus 62. Therefore, from the 
relation of said determined target number of rotation N* of the motor and 
the target velocity indicated by the driving request, it is possible td 

30 determine the gear ratio y of electrically driven CVT apparatus 62. 

Alternatively, gear ratio y of electrically driven CVT apparatus 62 may be 
determined from the relation between said determined target regenerative 
motor torque T* and the target vehicle body driving force indicated by the 
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driving request. 

Fig. 11 is a graph representing an exemplary relation between gear 
ratio Y and angle of rotation 9 of CVT motor 66. CVT motor 66 is driven in 
accordance with the characteristic shown in the graph. In S8, reqtiired 
5 electric power REP of CVT motor 66 is also calculated. 

In the foregoing, contents to be executed in S7 have been described 
with calculation of required electric power REP for vehicle motor 58 taken 
as an example. By the execution of S7, eventually, required electric power 
REPbrk for brake actuator 50, required electric power REPstr for steering 

10 actuator 54, reqxiired electric power REPmtr for driving vehicle motor 58 

that is the sum of required electric power for vehicle motor 58 and required 
electric power for CVT, required electric power REPlig for light 70, and 
reqxiired electric power REPa/c for air conditioner actuator 74 are 
calculated and stored in RAM 206. 

15 Thereafter, in S8 of Fig. 7, total sum of required electric power REP 

for all the actuators is calcidated as the total required electric power 
REPsum in the narrow sense. In the present embodiment, an apparent 
total required electric power REPsvun (hereinafter simply referred to as 
"total required electric power REPsum") is calculated by subtracting electric 

20 power generated by fuel cell 96 and the electric power regenerated by brake 
regenerating apparatus 101 from the calculated total required electric 
power REPsum in the narrow sense. 

Thereafter, in S9, state of charge SOC of electric power source 98, 
that is, the remaining capacity of electric power source 98 is calculated. 

25 Here, "state of charge SOC" is a physical value representing the remaining 
electric power in the electric power soxxrce 98, given as percentage, with 
fully charged state being the reference. 

In order to calculate the state of charge SOC, by way of example, the 
voltage of electdc power source 98 and the current taken out irom electric 

30 power source 98 are successively measured and integrated over time, to 
estimate consumed electric power (discharged electric power). Using the 
estimated electric power consumption, it is possible to calculate the state of 
charge SOC at each time point. When the estimated electric power 
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consumption is corrected in consideration of temperature of electric power 
source 98 and degradation of electric power source 98, the state of charge 
SOC can be estimated with higher accuracy. 

In S9, in accordance with the state of charge SOC calctdated in this 
5 manner and the selected control mode described above, the allowable power 
AMP is determined. The determined allowable power AMP is stored in 
ROM 206. 

Here, "allowable power AMP" represents the ratio of allowable 
consimiption per minute of the state of charge SOC. The unit of the state 
10 of charge SOC is percentage, and therefore, the unit of allowable power 
AMP is percent/min. 

Here, the state of charge SOC represents the dectric power 
remaining in the electric power source 98 by a ratio, and hence, it is in the 
same dimension. Thus, allowable power AMP has the dimension resulting 
15 from division of electric power by time, and hence, it may be considered to 
be in the same dimension as the electric power. 

Fig, 12 is a graph showing how the allowable power AMP changes 
along with the state of charge SOC, and the relation therebetween that is 
different in the power-mode and in the economy mode. In the region 
20 where the state of charge SOC is not higher than 50%, the allowable power 
AMP increases together with the state of charge SOC, and when SOC 
exceeds 50%, the allowable power AMP is kept constant, both in the power- 
mode and in the economy mode. It is noted, however, that the allowable 
power AMP is larger in power-mode than in economy mode in the entire 
25 region of the state of charge SOC. 

Thereafter, in SIO of Fig. 7, whether the total required electric power 
REPsum calctdated in S8 exceeds the allowable power AMP determined in 
S9 or not is determined. If it is assumed as not exceeding here, the 
determination is NO, and hence, the flow proceeds to Sll. 
30 In Sll, electric power EP to be supplied to each actuator is 

determined as supplied electric power SEP, Specifically, it is determined 
to be equal to the required electric power REP for each actuator calculated 
in S7. Thereafter, in Sl2, based on the determined supplied electric power 
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SEP, the voltage to be applied to each actuator and the current to be 
applied to each actuator are determined^ and thus, output to each actuator 
is deteirmined. 

Next, in S13, each actuator is driven with the determined voltage 
5 and current. Drive of each actuator is feed-back controlled with reference 
to the actual power detected by the corresponding power detector. . 

Through these steps, one execution of the general drive control 
program is complete. 

An example in which the total required electric power REPsum does 
10 not exceed the allowable power AMP has been described. When it exceeds, 
the determination in S 10 is YES, and the flow proceeds to S14. 

Fig. 13 is a flow chart schematically representing the details of S14 
as a power limiting routine. 

In the power limiting routine, first, in S31, the allowable power AMP 
15 is read from RAM 206, and in S32, as a value equal to the read allowable 
power AMP, available electric power EPava that can be supplied &om 
electric power source 98 is set. 

Thereafter, in S33, the required electric power REPbrk calculated for 
brake actuator 50 is set, as it is, to be the supplied electric power SEPbrk 
20 for brake actuator 50, and the suppHed electric power SEPbrk is subtracted 
firom the available electric power EPava, so that the available electric 
power EPava is updated. 

Thereafter, in S34, whether the required electric power REPstr 
calctilated for steering actuator 54 is equal to or smaller than the present 
25 available electric power EPava or not is determined. 

When the required electric power REPstr is equal to or smaller than 
the available electric power EPava, the determination of S34 is YES, so 
that in S35, the required electric power REPstr is set, as it is, to be the 
supplied electric power SEPstr for steering actuator 54,* and the supplied 
30 electric power SEPstr is subtracted firom the current value of the available 
electric power EPava, so that the available electric power EPava is updated. 

In contrast, when the required electric power REPstr is larger than 
the current value of available electric power EPava, the determination of 
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S34 is NO, and in S36, the available electicic power EPava is set, as it is, to 
be the supplied electric power SEPstr for the steering actuator 54, and the 
available electric power EPava is updated to 0. Immediately thereafter, 
one execution of the power limiting routine is terminated. 
5 Thereafter, in S37, whether the reqviired electric power REPHg 

calcxilated for light 70 is equal to or smaller than the current value of 
available electric power EVava is determined. 

When the required electric power REPHg is equal to or smaller than 
the current value of the available electric power EPava, the determination 

10 of S37 is YES, and in S38, the reqviired electric power REPlig is set, as it is, 
to be the supplied electric power SEPHg for light 70, and the supplied 
electric power SEPlig is subtracted from the cxirrent value of the available 
electric power EPava so that the available electric power EPava is updated. 
In contrast, when the required electric power REPlig is larger than 

15 the current value of the available electric power EPava, the determination 
of S37 is NO, and in S39, the available electric power EPava is set, as it is, 
to be the supplied electric power SEPlig for light 70, and the available 
electric power EPava is updated to 0. Immediately thereafter, one 
execution of the power limiting routine is terminated. 

20 Thereafter, in S40 to S42, supphed electric power SEPmtr for vehicle 

motor 58 is determined. 

It is possible that operation of the brake becomes necessary during 
acceleration of the vehicle by vehicle motor 58. When the amount of 
electric energy that can be consxmied by vehicle motor 58 is determined 

25 without considering such a possibility, actual brake operation wovdd be 
difficult when necessary. 

On the contrary, when the vehicle velocity is high and the nxmiber of 
rotation of vehicle motor 58 is high, regenerating brakeage by vehicle motor 
58 occurs when the brake is operated, and accordingly, electric power 

30 sotirce 98 is charged. The effect of charging is higher when the vehicle 
velocity is higher. 

Therefore, in S40, in order to secure electric energy to be ready for 
potential operation of the brake, a preserved electric power PEP to be 
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preserved for the potential operation of the brake is subtracted firom the 
current value of the available electric power EPava, and thus, a lessened 
electric power LEP is calculated for vehicle motor 58. The preserved 
electric power PEP is defined as a function of the vehicle such that it 
5 decreases as the vehicle velocity increases. 

Further, in S40, whether the required electric power REPmtr 
calculated for vehicle motor 58 is equal to or smaller than the calculated 
lessened electric power LEP or not is determined. 

When the required electric power REPmtr is equal to or smaller than 
10 the lessened electric power LEP, the determination of S40 is YBS, and in 
S41, the required electric power REPmtr is set, as it is, to be the supplied 
electric power SBPmtr for the vehicle motor 58, and the supplied electric 
power SEPmtr is subtracted from available electric power EPava so that 
the available electric power EPava is updated. 
15 On the contrary, when the required electric power REPmtr is larger 

than the lessened electric power LEP, the determination of S40 is NO, and 
in S42, the available electric power EPava is set, as it is, to be the supplied 
electric power SEPmtr for vehicle motor 58, and the available electric power 
EPava is updated to 0. Immediately thereafter, one execution of the power 
20 limiting routine is terminated. 

Thereafter, in S43, whether the required electric power REPa/c for 
air conditioner actuator 74 is equal to or smaller than the current value of 
available electric power EPava or not is determined. 

When the required electric power REPa/c is equal to or smaller than 
25 the c\irrent value of available electric power EPava, the determination of 

S43 is YES, and in S44, the reqidred electric power REPa/c is set, as it is, to 
be the supplied electric power SEPa/c for the air conditioner actuator 74, 
and the supplied electric power SEPa/c is subtracted firom the current value 
of available electric power EPava so that the available electric power EPava 
30 is updated. 

On the contrary, when the required electric power REPa/c is larger 
than the ciorrent value of available electric power EPava, the determination 
of S43 is NO, and in S45, the available electric power EPava is set, as it is, 
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to be the supplied electric power SEPa/c for air conditioner actuator 74, and 
the available electric power EPava is updated to 0, 

In any case, one execution of the power limiting routine is 
terminated here. 

5 Fig. 14 is a flow chart schematically showing the contents of the 

electric power generation control program. The electric power generation 
control program is also executed repeatedly as computer 200 is on, sizxxilar 
to the general drive control program. 

Every time the electric power generation control program is executed, 

10 first, in S71, electric power detectors 152, 162^ 168, 176, 184 and 192 are 
used to detect the amount of ctirrent consumed at electric power source 98 
per unit time, as consimied current CC. Next, in S72, using electric power 
detectors 104 and 106, the amount of current recovered by (charged to) 
electric power source 98 per unit time is detected as recovered current RC. 

15 Thereafter, in S73, current value SOC(n) of the state of charge SOC 

is calculated as a sum of a product of current-SOC conversion factor K and 
. the value obtained by subtracting the detected consumed current CC from 
the detected value of recovered current RC and the last value SOC(n-l) of 
the state of charge SOC. The calculated current value of SOC(n) is stored 

20 in a non-volatUe storage portion of ROM 204 as the latest state of charge 
SOC, 

Thereafter, in S74, whether the calcxilated current value SOC(n) is 
larger than a threshold value al or not is determined. When it is larger 
than al, the determination is YES, and in S76, whether the current value 

25 SOC(n) is larger than a threshold value a2 larger than al or not is 

determined. When it is larger than a2, the determination is YES, and in 
S77, electric power generation by fuel cell 96 is stopped. 

In contrast, when the current value SOC(n) is not larger than the 
threshold value al, the determination of S74 is NO, and electric power 

30 generation by fuel cell 96 is executed in S75. When the current value 
SOC(n) is larger than the threshold value al but not larger than the 
threshold value oc2, the determination of 874 is YES and the determination 
of S 76 is NO, and steps S75 and S77 are skipped. As a result, electric 
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power generation by fiiel cell 96 is maintained in the same state as before. 

Thus, one execution of the electric power generation control program 
is terminated. 

It is additionally noted that the threshold values al and a2 
5 mentioned above may be set both as fixed values or variable values. In the 
latter case, it may be possible to set each of the threshold values al and a2 
as variable values that become smaller as the consumed current CC 
increases, or set as variable values that become smaller as the vehicle 
velocity decreases, based on the fact that the expected amount of current 
10 recovered to electric power source 98 by regeneration becomes smaller as 
the vehicle vdocity is slower. 

Fig. 15 is a graph schematically showing Hie relation that holds 
between each of state of charge SOC, consumed current CC, vehicle velocity 
V and presence/absence of electric power generation, when each of the 
15 threshold values al and a2 is set as variable values, as mentioned above. 

As is apparent from the graph, here, when the state of charge SOC is 
the same, execution of electric power generation becomes more likely when 
the consumed current CC becomes larger, and it becomes more likely when 
the vehicle velocity is smaller. 
20 When the consimied current CC is the same, execution of electric 

power generation becomes more likely when state of charge SOC is smaller, 
and it becomes more likely when the vehicle velocity is smaller. 

Fig. 16 shows, in same graphs, exemplary manner how the electric 
power consumption by vehicle motor 58 and air conditioner actuator 74, 
25 allowable power AMP and total required electric power REPsum change 
with time, when the general drive control program and the electric power 
generation control program are executed under specific condition with 
respect to vehicle velocity V, temperature T and state of charge SOC. 
The specific conditions are as follows. 
30 (1) Condition related to vehicle velocity V 

a. Stationary period 

In accordance with the driver's instruction, for two minutes after the 
running switch of the vehicle is turned on, the vehicle is kept at a 
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stationary state. 

b. Acceleration period 

Thereafter, the vehicle is accelerated such that the vehicle velocity 
increases from 0 km/h to 100 km/h with the acceleration of about 0.2G in 
5 0.25 min. 

c. Steady running period 

After the end of the acceleration, the vehicle is kept running steady, 
to maintain tiie vehicle velocity of 100 km/h. 

d. Deceleration period 

10 After the end of the steady running period, the vehicle is decelerated 

such that the vehicle velocity is decreased from 100 km/h to 0 km/h with 
the deceleration of about 0.2 G in 0.25 min. 

(2) Condition related to temperature T 
a. The atmospheric temperature is 35*^C. 

15 b. Room temperature of the vehicle is 50^C in the initial state, and 

simxxltaneously with turning on of the running switch of the vehicle, the 
target temperature of 25°G is set. 

(3) Condition related to the state of charge SOC 

a. Initial value 

20 The initial value of state of charge SOC is 70%. 

b. Amount of decrease of state of charge SOC (gradient of decrease) 
•In the acceleration period, state of charge SOC decreases by 40% 

per minute. 

•In the steady running period, state of charge SOC decreases by 5% 
25 per minute. 

•While the air conditioner is in operation, state of charge SOC 
decreases by 10% per minutes in a transitional state of operation to attain 
the target room temperature (in which the room temperature decreases by 
S'^C per minute), and state of charge SOC decreases by 5% per minute in a 
30 steady state after the target room temperature is reached. 

c. Amount of increase of state of charge SOC (gradient of increase) 
•During electric power generation, state of charge SOC increases by 

10% per xninute. Here, it is noted that said threshold values al and a2 
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are set to 50% and 60%, respectivdy. 

•During regeneration, state of charge SOC increases by 25% per 
minute. 

According to Fig. 16, as the vehicle running switch is turned on, the 
5 operation of the air conditioner starts, and as a result, the room 

temperature decreases and state of charge SOC decreases accordingly. 

In the stationary period of the vehicle, air conditioner actuator 74 
only consumes electric power, and therefore, the consumed electric power is 
equal to the total required electric power REPsum, and allowable power 
10 AMP is maintained at 40%/sec. 

When the state of charge SOC decreases to be lower than 50%, 
electaic power generation starts, and gradient of decrease of the state of 
charge SOC becomes moderate. . At this time, the allowable power AMP is 
Hmited and, as a result, electric power consumption by air conditioner 
15 actuator 74 is limited. 

Two minutes after the tuming-on of the vehicle running switch, 
driving of vehicle motor 58 starts, and acceleration of the vehide starts. 
Then, the total reqtiired electric power REPsum is the sum of electric power 
consumed by vehicle motor 58 and electric power consumed by air 
20 conditioner actuator 74 minus generated electric power. In the 

acceleration period, state of charge SOC decreases and allowable power 
AMP also decreases accordingly. 

When the acceleration period ends and steady running period starts, 
electric power consumption by vehicle motor 58 decreases, and by that 
25 amount, the total reqxured electric power REPsum decreases. In the 
steady running period, the total required power REPsum is the sum of 
electric power consumed by vehicle motor 58 for steady running and the 
electric power consumed by air conditioner actuator 74 minus the generated 
electric power. When the total reqtiired electric power REPsum decreases 
30 to be lower than the allowable power AMP, limit on the. power of air 
conditioner actuator 74 is cancelled. 

When the target room temperature is reached, air conditioner 
actuator 74 enters a normal operation, and electric power consumed by air 
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conditioner actuator 74 decreases. 

When state of charge SOC changes from decrease to increase in the 
steady running period, allowable power AMP also changes from decrease to 
increase. 

5 When the steady running state ends and the deceleration period 

starts, vehicle motor 58 operates as an electric power generator, and 
regenerative brakeage takes place. In the deceleration period, total 
required electric power REPsum is the electric power consumed by air 
conditioner actuator 74 minus the sum of the regenerated electric power 
10 and the generated electric power. 

As is apparent from the description above, in the present 
embodiment, master ECU 18 and the plurality of individual ECUs 20, 22 
co-operate to form an example of the "control apparatus'' in accordance with 
aspect (1) above. 

15 Fxirther, in the present embodiment, driving information detector 16 

and that portion of master ECU 18 which executes SI to S4 of Fig. 7 co- 
operate to form an example of the "driving request determining apparatus" 
in accordance with aspect (5) above, and that portion of master ECU 18 
which executes Si to S4 of Fig. 7 forms an example of the "driving request 

20 determining means'' in accordance with aspect (6) above. 

Further, in the present embodiment, that portion of master ECU 18 
which executes S6 of Fig. 7 constitutes an example of "desired power 
determi n ing means" in accordance with aspect (8) above, that portion which 
executes S7 of the same figure constitutes the "required electric power 

25 determining means" of the same aspect, that portion which executes S8 to 
SIO and S14 of the same figure constitutes an example of the "desired 
power establishing means" of the same aspect, and that portion which 
executes Sll to Sl3 of the same figure constitutes an example of the 
"driving means" of the same aspect. 

30 Further, in the present embodiment, that portion of master ECU 18 

which executes S14 of Fig. 7 constitutes an example of the "desired power 
establishing means" in accordance with aspect (9) above, and that portion 
which executes Sll to S13 of the same figure constitutes an example of the 
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"driving means" in accordance with aspect (12). 

Further, in the present embodiment, that portion of master ECU 18 
which executes S5 and S9 of Fig. 7 constitutes an example of the "control 
mode changing means" in accordance with aspect (13) or (14) above, and 
5 that portion which executes Si 1 to S 13 of the same figure constitutes an 
example of the "driving means" in accordance with aspect (12). 

Further, in the present embodiment, that portion of master ECU 18 
which executes S8 of Fig. 7 constitutes an example of the "apparent value 
determining means" in accordance with aspect (15) above, and that portion 
10 which executes SlO of the same figure constitutes an example of the 
"control means" of the same aspect. 

Further, in the present embodiment, master ECU 18 constitutes an 
example of the "master control unit" in accordance with aspect (16) or (17), 
and the plurality of individual BCUs 20, 22 constitute examples of the 
15 "plurality of individual control units" in accordance with aspect (18) above. 

Further, in the present embodiment, input energy detectors 24, 26 
and output energy detectors 28, 30 each constitute an example of the 
"energy detector^ in accordance with aspect (19) above. 

Further, in the present embodiment, S6 to S14 of Fig. 7 together 
20 constitute an example of the "control step" in accordance with aspect (22) or 
(23) above. 

Next, a second embodiment of the present invention wiU be described. 
It is noted, however, that the hardware configuration of the present 
embodiment is cornmon to that of the first embodiment, and the software 
25 configuration is also common, except for the power limiting routine. 

Therefore, only the power limiting routine will be described in detail, and 
the description of the common components will not be repeated, as the 
description of the first embodiment is applicable. 

A vehicle having the general drive control system in accordance with 
30 the present embodiment includes, as in the first embodiment, brake 

actuator 50, steering actuator 54, vehicle motor 58 and CVT motor 66, light 
70 and air conditioner actuator 74, as the plurality of actuators. 

In the first embodiment, priority is set in accordance with the order 
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among the pluraKty of actuators, and available electric power is distributed 
to each of the actuators in accordance with the priority order. 

It is considered that among the plurality of actuators, air conditioner 
actuator 74 is of the lowest priority as regards the necessity to meet the 
5 request of operation thereof. It is particularly true in a vehicle, where 
safety of the vehicle is of higher importance than comfort of those who in 
the vehicle. 

Therefore, in the present embodiment, the plurality of actuators are 
divided into air conditioner actuator 74 and other actuators. Further, 

10 when the total reqiiired electric power REPsum exceeds the allowable 
power AMP, whether the value that is the total required electric power 
REPsiun minus required electric power REPa/c of air conditioner actuator, 
that is, the major required electric power MRBP, is equal to or smaller than 
the allowable power AMP or not is determined. 

15 When the major reqidred electric power MREP is equal to or smaller 

than the allowable power AMP, electric power equal to the required electric 
power REP is supplied to each of the actuators other than the air 
conditioner actuator 74, and electric power that is equal to the available 
electric power EPava that is equal to the allowable power AMP minus 

20 major reqtiired electric power MREP, is supplied to air conditioner actuator 
74. 

In contrast, when the major required electric power MREP exceeds 
the allowable power AMP, available electric power EPava is distributed 
with appropriate ratio to respective ones of the actuators except for air 
25 conditioner actuator 74, and no electric power is supplied to air conditioner 
actuator 74. 

Fig. 17 is a flow chart schematically showing the contents of the 
power limiting routine realizing the algorithm described above. 

In the power limiting routine, first, in S 101, the required electric 
30 power REPa/c of air conditioner actuator 74 is subtracted from the total 
required electric power REPsum, to obtain the major required electric 
power MREP. Next, in S102, the allowable power AMP is divided by the 
thus obtained major required electric power MREP, to obtain a ratio K. 
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Thereafter, in S103, whether the thus calcxilated ratio K is equal to 
or larger than 1 or not is determined. Namely, whether the major 
required electric power MREP is equal to or smaller than the allowable 
power AMP or not is determined. 
5 Here, assuming that the ratio K is equal to or larger than 1, the 

determination at S103 is YES, and in S104, suppUed electric power SEP to 
each of the actuators except for air conditioner actuator 74 is determined to 
be equal to the corresponding required electric power REP. Then, in S 105, 
the sum of supplied electric powers SEP to aU the actuators except for air 
10 conditioner actuator 74 is subtracted from allowable power AMP, and thus, 
the supplied electric power SEPa/c to air conditioner actuator 74 is 
calculated. 

Asstuning that the ratio K is smaller than 1, the determination of 
S103 is NO. Then, in S106, supplied electric power SEP to each of the 
15 actuators except for air conditioner actuator 74 is determined to be a value 
equal to the product of corresponding required electric power REP and the 
ratio K. Next, in S107, supplied electric power SEPa/c to air conditioner 
actuator 74 is determined to be 0. 

In any case, through these steps, one execution of the power limiting 
20 routine is terminated. 

Next, a third embodiment of the present invention will be described. 
It is noted, however, that the hardware configuration of the present 
embodiment is common to that of the first embodiment, and the software 
configuration is also common, except for the power limiting routine. 
25 Therefore, only the power limiting routine will be described in detail, and 
the description of the common components will not be repeated, as the 
description of the first embodiment is applicable. 

Fig. 18 is a flow chart schematically representing the contents of the 
power limiting routine executed by a computer 200 of master ECU.18 in the 
30 general drive control system in accordance with the present embodiment. 

In Pig. 19, names of five actuators mentioned above are listed fi:om 
left to right in accordance with the order of priority, with the manner how 
the power of each actuator is limited in accordance with the state of charge 
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SOC shown in the form of a graph. 

As can be seen from the graph, power of brake actuator 50 and 
steering actuator 54 are not limited, regardless of the state of charge SOC. 

As to vehicle motor 58, in the range where the state of charge SOC is 
5 equal to or higher than a set value (for example. 10%), the power thereof is 
not limited regardless of the value of SOC, as shown in Fig. 19. In 
contrast, in a range where state of charge SOC is smaller than the set value, 
the power is not limited if the electric power potentially reqtiired for 
stopping the vehicle by using the brake (and, if necessary, additionally 
10 using the steering apparatus), that is, potential brakeage electric power is 
left in electric power source 98, and the power is limited if the potential 
electric power is not left in electric power source 98. In the latter case, the 
power is decreased, for example, to 0. 

As for light 70 and air conditioner actuator 74, in the range where 
15 state of charge SOC is equal to or smaller than a set value (for example, 
40%), the power is not limited regardless of the state of charge SOC, as 
shown in Fig. 19. In contrast, in the range where the state of charge SOC 
is smaller than the set value, the power is limited in accordance with state 
of charge SOC, as represented, for example, by a graph of Fig. 20. 
20 The power limiting routine in accordance with the present 

embodiment will be described with reference to Fig. 18. 

First, in S201, state of charge SOC is read from the non-volatile 
storage unit mentioned above. Then, in S202, the reqxiired electric power 
REPbrk for brake actuator 50 calctilated in accordance with the general 
25 drive control program is set, as it is, as the supplied electric power SEPbrk. 

Thereafter, in S203, as in S202, the required electric power REPstr 
for steering actuator 54 calculated in accordance with the general drive 
control program is set, as it is, as the supplied electric power SEPstr. 

Thereafter, in S204, whether the read state of charge SOC is equal to 
30 or higher than 10% is determined. When it is equal to or higher than 10%, 
the determination is YES, and in S205, the required electric power REPmtr 
for vehicle motor 58 calcvdated in accordance with the general drive control 
program is set, as it is, as the supplied electric power SEPmtr. On the 
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contrary, when the state of charge SOC is smaller than 10%, the 
determination of S204 is NO, and the flow proceeds to S206. 

In S206, whether state of charge SOC is equal to or higher than the 
potential brakeage electric power or not is determined. When it is equal to 
5 or higher than the potential brakeage electric power, the determination is 
YES, and the flow proceeds to S205. When it is smaller than potential 
brakeage electric power, the determination is NO, and the supplied electric 
power SEPmtr is set to 0 in S207. 

In any case, the flow proceeds to S208, in which whether the read 
10 state of charge SOC is equal to or higher than 40% or not is determined. 
When it is equal to or higher than 40%, the determination is YES, and in 
S209, the required electric power REPlig for light 70 calculated in 
accordance with the general drive control program is set, as it is, to be the 
suppHed electric power SEPlig. When the state of charge SOC is smaller 
15 than 40%, the determination of S208 is NO, and the flow proceeds to S2 10. 
In S2 10, allowable power AMP of Hght 70 is determined in 
accordance with a pattern shown by the graph of Fig. 20, for example, 
dependent on the state of charge SOC. Thereafter, in S211, the calculated 
value of reqxured electric power REPlig is corrected so that the actual power 
20 does not exceed the determined allowable power AMPlig. It is noted that, 
by this correction, the required electric power REPlig may be decreased. 

Thereafter, in S212, the supplied electric power SEPlig is determined 
to be equal to the corrected req\ured electric power REPlig. 

In any case, S213 to 217 are thereafter executed for air conditioner 
25 actuator 74 in the similar manner as S208 to S212. 

SpedfLcally, in S213, whether the state of charge SOC is equal to or 
higher than 40% or not is determined. When it is equal to or higher than 
40%, the required electric power REPa/c is set as it is, as supplied electric 
power SEPa/c in S214. When state of charge SOC is smaller than 40%, 
30 the flQw proceeds to S2 15. 

In S215, allowable power AMPa/c for air conditioner actuator 74 is 
determined in accordance with a pattern shown by the graph of Fig. 20, for 
example, dependent on the state of charge SOC. Thereafter, in S216, the 
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calcxilated value of required electric power REPa/c is corrected so that the 
actual power does not exceed the determined allowable power AMPa/c. It 
is noted that, by this correction, the required electric power REPa/c may be 
decreased. 

5 Thereafter, in S217, the suppHed electric power SEPa/c is 

determined to be equal to the corrected required electric power REPa/c. 

In any case, through these steps, one execution of the power limiting 
routine is terminated. 

Next, the fourtii embodiment of the present invention will be 
10 described. It is noted, however, that the hardware configuration of the 
present embodiment is common to that of the first embodiment, and 
therefore, only the software configuration will be described in detail, and 
the description of the hardware configuration wiU not be repeated as the 
description of the first embodiment is applicable. 
15 Fig. 21 is a flow chart schematically showing the contents of the 

general drive control program executed by computer 200 of master ECU18 
in the general drive control system in accordance with the present 
embodiment. 

In the present embodiment, relation between each of a safety 
20 variable u related to the safety of the vehicle as a moving body, a comfort 
variable v related to comfort when a human being uses the vehicle, an 
economy variable w related to economy of energy consumption by the 
pluraUty of actuators movinted on the vehicle, and a distribution ratio K 
used when the available power that can be supplied by the energy source 
25 14 to the plxirality of actuators as a whole is distributed to the plurality of 
actuators, is given in the form of a matrix of target function, in Fig. 22. 

In the target function, a safety factor ST for the safety variable u, a 
comfort factor CF for the comfort variable v, and an economy factor EC for 
economy variable w are defined. These factors ST, CF and EC have preset 
30 values. 

Therefore, in the present embodiment, by inputting current values of 
safety variable u, comfort variable b and economy variable w to the target 
fimction, the distribution ratio K is calculated for each actuator. 
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Further, in the present embodiment, based on the driver's 
instruction detected by the driver's instruction sensor 90, the vehicle state 
detected by the vehicle state sensor 92, the running environment 
information detected by the running environment information sensor 94 
5 and the state of electric power source 98 (including state of charge SOC, 
temperature, degree of degradation and the Hke), current values of safety 
variable u, comfort variable v and economy variable w are calculated. 

SpedfLcaUy, the safety variable u reflects the necessity how much 
higher priority is to be given to the safety of the vehicle, and therefore, it is 
10 determined based on the driver's instruction that is related to running of 
the vehicle, the vehicle state that is related to stability of vehicle behavior 
and the ruiming environment information related to the follow distance. 

Further, comfort variable v reflects the necessity how much higher 
priority is to be given to the comfort of the vehicle than other elements, and 
15 therefore, it is determined based on the driver's instruction that is related 
to room temperature, running environment information that is related to 
atmospheric temperature, and so on. 

Further, economy variable w reflects the necessity how much higher 
priority is to be given to the economy of the vehicle than other elements, 
20 and therefore, it is determined based on the driver's instruction that is 

related to economy of the vehicle (for example, whether the driver selects 
the economy mode or power-mode described above), the discharging 
capability of electric power source 98 and the hke. 

The contents of the general drive control program will be described 
25 with reference to Fig. 21. 

The general drive control program is executed repeatedly. Every 
time the program is executed, first, in S301 to S303, the driver's instruction, 
the vehicle state and the running environment information are detected by 
driver's instruction sensor 90, vehicle state sensor 92 and running 
30 environment information sensor 94, 

Thereafter, in S304, the state of electric power source 98 is detected. 
By way of example, the state of charge SOC is detected as in the first 
embodiment, and the temperature or degree of degradation of electric 
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power source 98 is detected. 

Thereafter, in S305 to S307, safety variable u, comfort variable v and 
economy variable w are determined respectively, in the above described 
manner. 

5 Thereafter, in S308, the determined safety variable u, comfort 

variable v and economy variable w are input to the target function, 
whereby the distribution factor K is calculated for each actuator. 

Thereafter, in S309, the available electric power EPava that can be 
supplied by electric power source 98 is determined. The available electric 
10 power EPava is determined, by way of example, based on the state of 
electric power source 98 including the state of charge SOC. For this 
purpose, a predetermined relation between the available electric power 
EPava and the state of charge SOC, for example, is stored in ROM 204. 

Thereafter, in S3 10, for eadi actuator, an individual distribution X is 
15 calculated as a product of available electric power EPava and the 

distribution ratio K. Then, in S3 11, each actuator is driven with the 
calculated individual distribution. 

Through these steps, one execution of the general drive control 
program is terminated. 
20 As is apparent from the foregoing, in the present embodiment, 8305 

to S3 10 of Fig. 21 together constitute an example of the ^'distributing step'' 
in accordance with aspect (24) above. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
25 example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 

Industrial Apphcabihty 
30 As described above, according to the vehicle general control system, 

from the viewpoint of power or work of each of the plurality of actuators, 
drive of these actuators is generally controlled. Between the power or the 
work and energy consiimption of each actuator, there is a relation that the 
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smaller the power or work, the smaller the necessary energy consumption. 
Therefore, according to this system, as the power or work of each actuator 
is considered, it becomes possible to optimize the drive of the plurality of 
actuators, from the viewpoint of saving energy consumed by the pl\xrality of 
5. actuators. Therefore, the general drive control system in accordance with 
the present invention is suitable for a motor vehicle having an internal 
combustion engine, a hybrid motor vehicle, an electric vehicle, a motor 
vehicle with fuel cell and the like. 
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